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BATTERY-OPERATED LASER OR LIGHT
SOURCE FOR PERFORMING SURGICAL
PROCEDURES

BACKGROUND OF THE INVENTION

This 1mvention relates generally to a surgical apparatus,
and a procedure and method for using that apparatus. Light
sources used 1n surgical procedures include illuminating
light sources for visualizing structures and targeting laser
light sources for intraoperative aiming, marking, or aligning.
[1luminating light sources may be ceiling-mounted, surgeon
head-mounted, instrument-mounted, or handheld.

Light from ceiling-mounted light sources can be blocked
from 1illuminating the surgical site by the bodies of the
operators and by instruments. Surgeon head-mounted lights
avoid this problem of body blockage but instrument block-
age can still be a problem. Also the surgeon must maintain
a fixed head position 1n order to direct light into the wound
while trying to operate. Further, adjustment of a head-
mounted light can be cumbersome, requiring the surgeon to
stop operating while a nurse adjusts the non-sterile head
mount.

The surgeon can experience discomiort from a tight head
mount during long cases. Instrument-mounted lights avoid
many of these drawbacks. But the advantages are lost when
an mstrument with a fixed mounted light 1s replaced by an
instrument without a light. Also, a fixed instrument-mounted
light may still not direct the light at the desired area 1n the
surgical field.

A handheld light overcomes these drawbacks. Such a light
can be detached from one instrument and re-attached to
another, and can be used without attachment to an instru-
ment. It can be aimed where desired.

Along these lines, targeting light sources including but not
limited to lasers, may be mounted to instruments such as
saws or drills to guide their point of application. They may
be mounted to x-ray machines to align the x-ray beam with
the anatomy before radiating the patient. They may be used
independently to mark locations for incisions or points for
application of mstruments. Targeting laser light sources may
be mounted to instruments such as saws or drills to guide
their point of application. They may be mounted to x-ray
machines to align the x-ray beam with the anatomy before
radiating the patient. They may be used imndependently to
mark locations for incisions or points for application of
instruments. They may be used to properly align surgical
instruments or surgical implants.

Targeting laser light sources may be mounted to instru-
ments such as saws or drills to guide their point of appli-
cation. They may be mounted to x-ray machines to align the
x-ray beam with the anatomy before radiating the patient.
They may be used independently to mark locations for
incisions or points for application of instruments.

Power sources for illuminating light sources or targeting,
laser light sources can be wall-powered or battery-powered.
Wall-powered light sources have the advantage of supplying
large amounts of power for an indefinite period of time. The
main disadvantage of wall-powered light sources 1s the
requirement for power cords or fiber optic cables. These
cables connecting a head-mounted light to a power source
restrict the surgeon’s mobility, such as when moving to the
opposite side ol the table or out of the way of an x-ray
machine. For 1lluminating light or laser light sources located
on the operative field, there are also disadvantages. The
cables must be sterilized. They must be attached to the
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patient’s surgical drapes on one end and the other end passed
ofl the sterile field to the power source.

These cables restrict the mobility of attached and non-
attached 1nstruments used during the procedure. The cables
restrict the movement of operating personnel and machines
around the patient. The cords can be tripped over or caught
by machine movement, dislodging the surgical drapes to
which they are attached.

Battery-powered light sources overcome these cable-re-
lated disadvantages. Since they act within the sterile field,
battery-powered light sources require a sterile enclosure for
the non-sterile light source and battery.

Further, the light source and the battery may be 1n separate
enclosures, where metal contacts can penetrate each enclo-
sure. Attaching the two enclosures can join these contacts.
This configuration 1s used with surgical devices that con-
sume a large amount of power, such as dnlls. The separate
battery enclosure can contain rechargeable batteries. Sepa-
rate recharged battery packs can be sterilized and kept on the
sterile field to replace battery packs attached to the drill
when those packs become discharged.

Battery-powered 1lluminating and targeting laser light
sources consume relatively low amounts of power, elimi-
nating the need to replace batteries during the course of a
surgical procedure. Both the light source and the battery are
typically contained in the same enclosure which may be
reusable.

The empty enclosure 1s sterilized as follows. The sterile
surgical assistant holds the opened enclosure while a non-
sterile nurse drops the non-sterile light source and battery
into the enclosure. The sterile surglcal assistant then closes
the enclosure, such as by screwing a sterile cap or lid onto
the enclosure.

One disadvantage of this arrangement 1s that sterility can
be broken by contact between sterile and non-sterile com-
ponents or personnel as the enclosure 1s being loaded and
sealed. Furthermore, drop-in light sources may require
alignment adjustments after being placed in the enclosure.

Enclosures for light sources also require a transparent area
on the lens in order to allow the light beam or laser beam to
exit the enclosure. Sterilization of a reusable enclosure may
leave moisture 1n the enclosure. This moisture can be heated
by the light source, causing condensation on the lens, which
in turn 1mpairs light transmission through the lens. Over-
coming this problem can require attaching a suction line to
the case and providing a vent opening in the case. This
suction line would result in the disadvantage of having
another tube to pass ofl the surgical field, causing the same
problems as with power cords. The vent opening also makes
the enclosure less water-tight and therefore limits the sterile
integrity of the case in some situations.

Thus, a single-use, disposable, pre-sterilized battery-pow-
ered 1lluminating or laser light source such as within the
embodiments disclosed herein avoids these problems. The
light source and battery are placed in the enclosure. The light
beam 1s adjusted. The enclosure 1s permanently sealed and
then sterilized. Condensation in the case 1s avoided. No
sterile breach can occur 1n loading. No vent opening in the
case 1s required. With light source and battery contained 1n
a sealed enclosure, provision must be made for a means to
switch the power on and off. Several types of switches are
available to connect and disconnect the battery to the light
source. These include membrane, push-button, and toggle
switches.

Membrane switches require some portion of the enclosure
to be made of a flexible material such as a thin plastic or
rubber. Depressing the flexible area of the enclosure
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depresses the underlying membrane switch. Disadvantages
include possibly cracking or puncturing of the plastic or

rubber and dificulty in achieving a waterproof seal where
the flexible and rigid sections of the enclosure join. These
problems can result in contamination of the sterile field by
fluid penetrating the enclosure, contacting non-sterile com-
ponents, and then exiting the enclosure. Moisture 1n the
enclosure can also obscure the lens and impair operation of
clectrical components.

Push-button and toggle switches penetrate the enclosure.
Typically O-rings or gaskets and mounting nuts are used to
seal between the enclosure and the switch body. Push-button
switches typically use a rubber membrane to seal off the
switch case 1tself. This thin membrane flexes as the button
1s depressed. The rubber membrane can crack or puncture or
lose seal to the switch case. The same problems can occur 1n
push-button switches as with membrane switches. Toggle
switches typically rely on an O-rning around the arm of the
switch to seal ofl the case 1tself. This O-ring seal can leak,
particularly 1t subjected to suflicient water pressure. The
O-ring 1s more prone to leak while the switch 1s being moved
between on and ofl positions than when 1t 1s stationary.
These switches can be subjected to high water pressures due
to their proximity to the surgical field during wound 1rriga-
tion, particularly when powered irrigation 1s used. In some
istances these illuminating lights or targeting laser lights
may be used in body cavities and therefore may be subject
to total immersion.

Next, electrical Switches are designed with various
capacities to resist ingress of solid and liquid material. Test
procedures and rating scales have been standardized for
ingress protection. Enclosures can be rated i order to
prevent ingress by solids as large as a finger, to as small as
dust. Enclosures can be rated 1n order to prevent ingress by
moisture as limited as being sprayed from one direction, to
being sprayed from all directions, to being submerged up to
one meter, or being submerged more than one meter. It 1s
desirable to improve on the ingress protection capacity of
switches used with single-use, disposable battery-powered
illuminating or targeting laser light sources.

As battery-powered light sources become smaller, their
usefulness increases. With a smaller size, these devices offer
less obstruction of the operating corridor or wound. This 1s
particularly true as minimally invasive procedures require
smaller, more restricted incisions. Smaller size allows these
devices greater access to body cavities. The size of these
devices 1s determined by the size of the light source, the
battery, and the switch. It 1s desirable to reduce the size of
the switch 1n order to reduce the overall size of the enclo-
sure.

The material discussed 1n this Background 1s included for
context only. None of the remarks 1n this Background should
be construed as an admission of prior art.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an enclosure or housing used within at least
some of the embodiments disclosed herein;

FIGS. 2A, 2B, 2C, 2D, 2F, 2F, 2G, and 2H show various
views ol a cap and magnet used within at least some of the
embodiments herein, including cross sections;

FIG. 3 shows a battery-powered targeting laser inside a
body cavity;

FI1G. 4 shows two laser sources and their respective beams
in coaxial alignment;

FIG. 5 shows a intracavitary laser source and 1ts beam in
an angulated position;
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FIG. 6 shows a linkage mechanism in the form of a
telescoping radius arm; and

FIG. 7 shows a telescoping radius arm telescoped out of
a linkage body.

L1

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

Betore explaining the disclosed embodiment of the pres-
ent mvention in detail it 1s to be understood that the
invention 1s not limited 1n 1ts application to the details of the
particular arrangement shown, since the invention 1s capable
ol other embodiments. Also, the terminology used herein 1s
for the purpose of description and not of limitation.

The embodiments disclosed herein as shown at least
within FIG. 1 involve the use of an enclosure or housing 101
containing an illuminating or targeting laser light source
103, a circuit board 115, a battery 104, and a magnetic reed
switch 105. The housing 101 i1s sealed at one end by a
transparent lens 107 and at the opposite end by a seal 108.
A cap 102 with an aflixed magnet 106 fits over the housing
101.

FIG. 2A shows cap 102 fitted over housing 101. A tab 109
on cap 102 engages a sliding rabbet 110 in the outer surface
of housing 101. FIG. 2B shows a cross-sectional view of
FIG. 2A. As shown 1n FIG. 2B, magnet 106 1s aflixed to cap
102. Both cap 102 and magnet 106 are outside the sealed
housing 101.

Magnets have a north and a south pole. The magnetic field
produced by a magnet 1s oriented to these north and south
poles. When within suflicient proximity of a magnetic field,
a magnetic reed switch will remain 1 the closed position
when properly oriented to the magnetic field. A magnetic
reed switch will remain 1n the open position when not
properly oriented to the magnetic field. A magnetic reed
switch will remain in the open position when not within a
magnetic field.

A magnetic reed switch can therefore be altered between
closed and opened positions by altering the proximity of a
magnet to the magnetic reed switch. By shiding a properly-
oriented magnet to a position of suflicient proximity to a
magnetic reed switch, the magnetic reed switch comes to be
within a properly-oriented magnetic field produced by the
properly-oriented magnet. The magnetic reed switch there-
fore remains 1n a closed position. By sliding a properly-
oriented magnet to a position of suflicient separation from a
magnetic reed switch, the magnetic reed switch comes to be
outside of the properly-oriented magnetic field produced by
the properly-oriented magnet. The magnetic reed switch
therefore remains in an open position.

As shown by FIG. 2A and FIG. 2B, the rotational align-
ment of cap 102 and attached magnet 106 in relation to
housing 101 and contained magnetic reed switch 105 1s
maintained by the engagement of tab 109 i sliding rabbet
110 1n the outer surface of housing 101. The magnetic field
produced by magnet 106 can thus by maintained 1n a proper
orientation to reed switch 105. As shown 1n FIG. 2B, magnet
106, and theretfore the magnetic field produced by magnet
106, are 1n a position of maximum separation from magnetic
reed switch 105. Magnetic reed switch 105 1s thus main-
tamned insuthiciently-proximate to the properly-oriented
magnetic field produced by the properly-oriented magnet
106. Magnetic reed switch 105 therefore remains 1n the open
position.

FIG. 2C shows cap 102 fitted over housing 101 in an
alternate position. The rotational alignment of cap 102 and
magnet 106 1n relation to housing 101 and contained mag-
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netic reed switch 105 1s maintained the same as 1n FIG. 2A
by the engagement of tab 109 1n sliding rabbet 110 1n the
outer surface of housing 101. The proper orientation of the
magnetic field produced by magnet 106 to reed switch 105

1s thus maintained. FI1G. 2D shows a cross-sectional view of 9

FIG. 2C. Properly-oriented magnet 106 and therefore the
properly-oriented magnetic field produced by properly-ori-
ented magnet 106 are now 1n a position of sullicient prox-
imity to magnetic reed switch 105. The magnetic reed switch
105 therefore remains 1n the closed position.

The magnetic reed switch 105 can thus be opened or
closed by sliding cap 102 with attached magnet 106 between
the position 1n FIG. 2A and the position 1n FIG. 2C respec-
tively. Opening magnetic reed switch 105 opens the circuit
connecting battery 104 and i1lluminating or targeting laser
light source 103, thus turning off light source 103. Closing
the magnetic reed switch 105 closes the circuit connecting,

battery 104 and illuminating or targeting laser light source
103, thus turning on light source 103. FIG. 2A therefore
depicts cap 102 1n an off position with respect to light source
103. FIG. 2B therefore depicts cap 102 in an on position
with respect to light source 103.

Alternatively, a magnetic reed switch can be altered
between open and closed positions by altering the orienta-
tion of a sufliciently-proximate magnet to the magnetic reed
switch. By rotating a suiliciently-proximate magnet to a
position of proper orientation to a magnetic reed switch, the
magnetic reed switch comes to be within a properly-oriented
magnetic field produced by the properly-oriented magnet.
The magnetic reed switch therefore remains 1 a closed
position. By rotating a sufliciently-proximate magnet to a
position of non-proper orientation to a magnetic reed switch,
the magnetic reed switch comes to be within a non-properly
oriented magnetic field produced by the non-properly ori-
ented magnet. The magnetic reed switch therefore remains
In an open position.

FIG. 2E shows a cap 102 fitted over the housing 101. The
tab 109 on the cap 102 engages a rotating rabbet 111 1n the
outer surface of housing 101. FIG. 2F shows a cross-
sectional view of FIG. 2E. As shown 1n FIG. 2F, magnet 106
1s ailixed to the cap 102. Both cap 102 and magnet 106 are
outside of the sealed housing 101. As shown by FIG. 2E and
FIG. 2F, the proximity of cap 102 and attached magnet 106
in relation to housing 101 and contamned magnetic reed
switch 105 1s maintained by the engagement of tab 109 1n
rotating rabbet 111 1n the outer surface of housing of 101.
The magnetic field produced by magnet 106 can thus be
maintained 1n a suilicient proximity to reed switch 1035, As
shown 1 FIG. 2F, the magnet 106, and therefore the
magnetic field produced by the magnet 106, are 1n a position
of non-proper orientation to magnetic reed switch 105.
Magnetic reed switch 103 i1s thus maintained non-properly
oriented to the suthciently-proximate magnetic field pro-
duced by the suiliciently-proximate magnet 106. Magnetic
reed switch 105 therefore remains 1n the open position.

FIG. 2G shows cap 102 fitted over housing 101 1n an
alternate position. The proximity of cap 102 and magnet 106
in relation to housing 101 and contamned magnetic reed
switch 105 1s maintained the same orientation as 1 FIG. 2E
by the engagement of tab 109 1n rotatmg rabbet 111 in the
outer surface of housing 101. The suflicient proximity of the
magnetic field produced by magnet 106 to reed switch 105
1s thus maintained. FIG. 2H shows a cross-sectional view of
FIG. 2G. Sufliciently-proximate magnet 106 and therefore
the sutliciently-proximate magnetic field produced by the
suiliciently-proximate magnet 106 are now 1n a position of
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proper orientation to magnetic reed switch 105. Magnetic
reed switch 105 therefore remains in the closed position.

Magnetic reed switch 105 can thus be opened or closed by
rotating cap 102 with attached magnet 106 between the
position in FIG. 2E and the position 1n FIG. 2G respectively.
Opening magnetic reed switch 105 opens the circuit con-
necting battery 104 and illuminating or targeting laser light
source 103, thus turming off light source 103. Closing
magnetic reed switch 105 closes the circuit connecting
battery 104 and illuminating or targeting laser light source
103, thus turning on light source 103. FIG. 2E therefore
depicts cap 102 1n an off position with respect to light source
103. FIG. 2G therefore depicts cap 102 1n an on position
with respect to light source 103.

The contents of housing 101 are mserted 1n housing 101,
alter which access to the housing interior 1s permanently
closed off by the assembling seal 108. The exterior of the
housing 101 can now be sterilized along with cap 101 and
magnet 106.

By using magnetic reed switch 105 with the sliding or
rotating magnet 106, light source 103 can be switched ofl
and on without any penetration of the sealed enclosure or
housing 101. As such, the risk of moisture penetrating the
enclosure as occurs with pushbutton or toggle switches 1s
avoilded. The entire enclosure can be made of rigid, non-
flexible materials thus avoiding the risk of moisture pen-
ctration as associated with flexible membrane switches.

The combined magnetic reed switch and magnet can be
less bulky than pushbutton or toggle switches. The advan-
tages of smaller dimensions of the device can thus be more
readily attained.

The rotation motion used to switch power ofl and on 1n the
present embodiment depicted i FIG. 2E and FIG. 2G
creates a switch less prone to being inadvertently bumped
and switched ofl as compared to membrane, pushbutton, and
toggle switches.

The nigid sealed enclosure without penetrations as
described 1n the present embodiments facilitates achieving a
higher level of moisture ingress protection than 1s achievable
with push button, toggle, or membrane switches thereby
expanding the utility of the device to a greater variety of
clinical situations.

Reduction of size, absence of power cord, and enhance-
ment of ingress protection improve the sutability of a
battery-powered targeting laser for use within body cavities.
Body cavities are a more confined space, making reduction
of size desirable. Body cavities are often accessed through
small 1ncisions, so eliminating a power or fiber optic cable
entering the cavity 1s desirable. Body cavities can subject
medical devices to greater moisture ingress risk due to
power 1rrigation and device immersion.

FIG. 3 shows a novel use of a battery-powered targeting,
laser mside a body cavity. A first targeting laser for use
within a body cavity or mtracavitary laser 201 i1s connected
to second targeting laser for use outside the body cavity or
extracavitary laser 203 by linkage mechanism 205. The
linkage mechanism 205 maintains laser 201 and laser 203 1n
coaxial alignment. The intracavitary laser source 201 pro-
ducing 1intracavitary laser beam 202 1s inserted, in this
example, through an opening 208 in the abdominal wall 206,
and into the abdominal cavity 207. The intracavitary laser
source 201 can be manipulated directly by the surgeon using
linkage mechanism 205, by other instruments, or by x-ray
guidance so that laser beam 202 targets a desired surgical
point A 212. Intracavitary laser beam 202 also establishes
the desired trajectory through which surgical point A 212 1s
to be approached.
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In the example shown m FIG. 3, 1t 1s desired to drill a hole
starting at pomnt A 212 on backbone or vertebra LS5 213,
through a spinal fusion cage 214, and into vertebra S1 215.
In order to follow this trajectory, a drill bit or guide pin has
to pass through abdominal wall 206 along the trajectory
established by intracavitary laser beam 202. It 1s therefore
necessary to identily the point on the exterior or extracavi-
tary side of abdominal wall 206 where an 1ncision must be
made to permit entry of the drill bit into abdominal cavity
207 along the desired trajectory.

Because they are coaxially aligned by linkage mechanism
205, extracavitary laser source 203 projects 1ts laser beam
204 along the same trajectory as intracavitary laser beam
202. Extracavitary laser beam 204 therefore identifies a
surgical point B 210 on the extracavitary side of abdominal
wall 206. Placement of an incision at surgical point B 210
permits drill bit entry mto the abdominal cavity 207 along
the trajectory established by intracavitary laser beam 202
down to surgical point A 212.

A linkage mechanism connecting intracavitary and ext-
racavitary lasers can be in the form of a rigid C shape as
depicted by linkage mechanism 205 (FIG. 3). Alternatively,

a linkage mechanism can be in the form of overlapping,
articulating parallelograms as 1llustrated by linkage mecha-
nism 305 (FIG. 4). Vertical links 310 and horizontal links
315, along with intracavitary laser source 201 and extra-
cavitary laser source 203, form overlapping parallelograms
linked by hinge pins 320 at their intersections. Any change
in angulation of one parallelogram produces the same angu-
latory change 1n all the remaiming overlapping parallelo-
grams. Since mntracavitary laser source 201 and extracavi-
tary laser source 203 are incorporated in one side of their
respective parallelograms, any angulation change of one
laser produces the same angulation change in the second
laser. The two laser sources 201 and 203 and their respective
laser beams 202 and 204 are 1n coaxial alignment 1n FIG. 4.
In FIG. 5, the mtracavitary laser source 201 and its laser
beam 202 have been angulated. The linkage mechanism 305
has produced the same angulation of the extracavitary laser
source 203 and 1its laser beam 204, thus maintaining the
coaxial alignment of the two laser beams.

A third linkage mechanism can be i1n the form of a
telescoping radius arm as depicted in FIG. 6. A linkage body
410 has the intracavitary laser source 201 pivoting on a
hinge pin 420 mounted on the distal end of linkage body
410. An extracavitary laser source 203 1s mounted on the end
of a radius arm 415 which passes through the proximal end
of linkage body 410. Radius arm 4135 telescopes out of
linkage body 405 along an arc having 1ts center of rotation
located at hinge pin 420. Laser sources 201 and 203 and their
respective laser beams 202 and 204 are aligned coaxaally.

In FIG. 7 telescoping radius arm 415 has been telescoped
out of linkage body 410 producing an angulation 416
between extracavitary laser source 203 and its laser beam
204 relative to linkage body 410. The movement of radius
arm 415 can be mechanically linked to produce rotation of
intracavitary laser 201 about its hinge pin 420. In one
example of this mechanical linkage, radius arm 415 can act
as a rack to turn a pinion. The pinion can be connected by
gears or pulleys (not shown) to produce the same angulation
change of intracavitary laser 201 as for extracavitary laser
203. The coaxial alignment of the two lasers and their
respective laser beams 1s thus maintained.

The linkage mechanisms and battery-powered targeting
lasers described herein provide means for simultaneous,
intra- and extra-cavitary coaxial laser targeting.
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Potential Methods of Implementation

A potential method for implementing the preferred
embodiments of a single-use, disposable, sterilizable, bat-
tery-powered 1lluminating light source includes sliding cap
102 (FIG. 2A) or rotating cap 102 (FIG. 2E), powering
illuminating light source 103 (FIG. 1), attaching housing
101 (FIG. 1) to any desired instrument, and aiming the light
beam at the desired surgical site.

Another potential method for implementing the preferred
embodiments of a single-use, disposable, sterilizable, bat-

tery-powered targeting laser light source includes sliding
cap 102 (FIG. 2A) or rotating the cap 102 (FIG. 2E),

powering the targeting laser light source 103 (FIG. 1),
attaching housing 101 (FIG. 1) to any desired mstrument or
x-ray machine, aiming the laser beam at the desired surgical
point as i point A 212 (FIG. 3), and aligning the laser beam
on the desired trajectory as with laser beam 202 (FIG. 3).
Another potential method for implementing the preferred
embodiments of a simultaneous intra- and extra-cavitary
coaxial targeting laser system includes attaching the intra-
cavitary laser 201 and extracavitary laser 203 (FIG. 3) into
the linkage mechanism 205 (FIG. 3), 305 (FIG. 4), or 405

(FI1G. 6), sliding cap 102 (FIG. 2A) or rotating cap 102 (FIG.
2E), powering on the targeting laser light source 103 (FIG.
1) in extracavitary laser 203 and in intracavitary laser 201,
iserting intracavitary laser 201 into the body cavity 206,
aiming the intracavitary laser beam 202 at the desired
surgical point A 212 (FIG. 3), aligning the intracavitary laser
beam 202 utilizing rngid linkage mechanism 205 (FIG. 3),
overlapping articulating parallelogram linkage mechanism
305 (FIG. 4), or telescoping radius arm linkage mechanism
405 FI1G. 6, marking a desired cavity entrance point B 210
(FIG. 3) on an outside of abdomainal cavity wall 206 (FIG.
3) identified by extracavitary laser beam 204 (FIG. 3),
removing the intracavitary and extracavitary laser sources
201, 203 and associated linkage mechanisms, and 1nserting
the desired surgical tool along the desired trajectory from
surgical pomnt B 210 (FIG. 3) down to surgical site point A
202 (FIG. 3).
It 1s anticipated that various changes may be made 1n the
arrangement and operation of the system of the present
invention without departing from the spirit and scope of the
invention, as defined by the following claims.
What 1s claimed 1s:
1. A method of manufacturing a sterilizable surgical
lighting mechanism, comprising:
forming a housing having a single interior housing cavity
having a first opening used solely for transmitting a
laser beam or light beam and a housing engagement
mechanism for attaching a cap to the housing and for
controlling a rotational alignment and a proximity of
the cap relative to the housing;
providing a light source, a battery, and a magnetic reed
switch to eventually be contained within the single
interior housing cavity in the form of housing contents;

providing a magnet for moving the magnetic reed switch
between open and closed positions, which magnet 1s
not yet contained within the single interior housing
cavity;

forming a lens for permanently sealing the first opening in

the housing, while permitting the transmission of a
laser beam or light beam from within the single interior
housing cavity;

forming the cap with a cap engagement mechamsm for

attaching the cap to the housing and for controlling the
rotational alignment and the proximity of the cap
relative to the housing, which cap 1s not contained
within the single interior housing cavity;
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assembling the magnet to the cap 1n a predetermined
orientation to the cap;

permanently sealing the first opening in the housing with
the lens 1n a manner that 1s airtight and water-tight;

assembling the housing contents by electrically connect-
ing the light source, the battery, and the magnetic reed
switch such that the magnet can move the magnetic
reed switch between closed and open positions thereby
connecting and disconnecting the battery to the light
SOurce;

then, testing the proper celectrical function of the
assembled housing contents before their insertion into
the single interior housing cavity by using the magnet
to move the magnetic reed switch between open and
closed positions and verifying a connection or a dis-
connection of the battery to the light source; and

then, after testing the electrical functioning, positioning
and fixing the magnetic reed switch 1 a desired ori-
entation to the housing.

2. The method of claim 1, further comprising:

locating a second opening within the housing, the second
opening used solely for inserting the contents of the
housing into the interior cavity of the housing; and

forming a housing seal for permanently sealing the second
opening in the housing after msertion of the housing
contents into the single interior housing cavity of the
housing.

3. The method of claim 2, turther comprising;:

inserting the housing contents into the single interior

housing cavity through the second opening in the

housing.

4. The method of claim 2, turther comprising;:

utilizing the first opening solely for transmitting the beam:;

utilizing the second opening solely for inserting the

housing contents; and

sealing the second opening with the housing seal.

5. The method of claim 2, further comprising:

permanently sealing the second opening in the housing
with the housing seal 1n a manner that 1s air-tight and
water-tight.

6. The method of claim 2, further comprising:

forming the housing and housing seal {from non-magnetic
materials that do not impede or interfere with a mag-
netic field passing therethrough.

7. The method of claim 2, turther comprising;:

providing materials for the housing, lens, housing seal,
cap, and magnet that are sterilizable matenials.
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8. The method of claim 1, further comprising;:

testing the proper electrical function of the assembled
housing contents, after their insertion and positioning
into the single interior housing cavity and before seal-
ing a second opening 1n the housing, by using the cap
and magnet;

the housing and cap engagement mechanisms providing
for attaching the cap to the housing in a desired mutual
rotational alignment and proximity and, in turn, for
positioning the magnet and the magnetic reed switch 1n
a desired mutual rotational alignment and proximity;

the housing and cap engagement mechanisms permitting
a variable proximity or a variable rotational alignment
of the cap relative to the housing and, in turn, of the
magnet relative to the magnetic reed switch; and

the magnet moving the magnetic reed switch between
open and closed positions thereby connecting and dis-
connecting the battery to the light source.

9. The method of claim 1, further comprising:

forming the housing from rigid, non-flexible materials.

10. The method of claim 1, further comprising:

assembling the housing contents by electrically connect-
ing the light source, the battery, and the magnetic reed
switch using a circuit board.

11. The method of claim 1, further comprising:

assembling the magnet to the cap by bonding the magnet
to the cap.

12. The method of claim 1, further comprising:

forming the housing engagement mechanism by forming
a shiding rabbet and forming the cap engagement
mechanism by forming a tab, whereby the magnet can
be shd into variable proximity of the magnetic reed
switch to open or close the magnetic reed switch.

13. The method of claim 1, further comprising;:

forming the housing engagement mechanism by forming
a shiding rabbet and forming the cap engagement
mechanism by forming a tab, whereby the magnet can
be rotated into variable alignment to the magnetic reed
switch to open or close the magnetic reed switch.

14. The method of claim 1, wherein the light source 1s a

laser.

15. The method of claim 1, further comprising:

testing the air-tightness and water-tightness of the perma-
nently-sealed housing.

16. The method of claim 1, further comprising;:

testing the proper electrical function of the housing con-
tents contained in the interior cavity of the perma-
nently-sealed, air-tight, and water-tight housing using
the cap and magnet.

G ex x = e
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